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ABSTRACT: The effect of management practices associated with livestock grazing on soil properties
are largely unknown. Several physical, chemical, and biological sos! properties were compared for
satd from a narive vegetation exclosure, a moderately grazed native vegeration pasture stocked ar 2.6
ha (6.4 ac) steer”, a heavily grazed native vegetation pasture stocked at 0.9 ba steer”, and a fertil-
ized crested wheatgrass (Agropyron cristatum L Gaertn.) pasture stocked at 0.9 ba steer’ near
Mandan, North Dakota. The three native vegesation pastures were established in 1916 and the
crested wheaigrass pasture was seeded in 1932, Soil properties varied in sensitivity to the manage-
ment pracices. Measures of vegetation and animal production, combined with assesment of soif
properties suggest thar moderate grazing and fertilization of crested wheatgrass are viable mandge-
meni options that appear to be sustainable while providing goods and sevvices needed by saciety.
Range and pasture assessment should include s0il assessrment to more completely determine manage-

ment effects on pastoral ecosystems,
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ivestock grazing is an integral part of

many agricultural operacions in the
Norchern Grear Plains. The mixed grass
prairie common to this region provides
good quality forage during the growing
season. Concerns regarding the proper
management of mixed grass prairie resulted
in the establishmenr of grazing wials in the
early 1900s. These trials determined that
moderate grazing (grazing char removes
about 50% of the aboveground dry macter
produced) was sustainable, resulting in
goed animal performance while maintain-
ing prairie vegeraticn {Rogler 1951). How-
ever, grazing too early in the growing sea-
son was detrimental to the mixed grass
prairie vegetation and resulted in reduced
productivity and a shift, to less desirable
forage species, in the species composition.

Cool season introduced grasses have
been used to extend the growing season
and provide early forage (Rogler and
Lorenz 1969). Crested wheatgrass
(Agropyron cristatum L. Gaertn.} has
been planted on extensive acreages in the
Northern Grear Plains and is well adapt-
ed to conditions of this region, having
been introduced from the steppe region

of Russia in 1898 and 1906 (Rogler and
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Lorenz 1983) Crested wheatgrass has
higher warer use efficiency than interme-
diate wheatgrass (A, intermedium Beauv.)
or western wheargrass (Pascepyrum
smithii (Rybd) Live), yields more and is
more digestible than western wheartgrass,
but has a similar digescibility and is lower
yielding than incermediate wheatgrass
(Frank and Karn 1988). Acceprabie live
weight gains have been reported for steers
grazing crested wheargrass throughour the
season {Hofmann er al, 1993).

Soils perform many ecosystem func-
tions. Soil serves as a substrate for planc
growth, as a reservoir for many nucrients,
as a filter maintaining air quality through
interactions with the atmosphere, as a
storage and purification medium for
water as it passes through the seil, and as
a biological reactor serving as the size for
decomposition and recycling of animal
and piant producs.

Because of the muitiple functions of
soil, interest in soil quality thealth) has
increased in recent years. Scil quality has
been defined as: "the capacity of a soil ro
function, within ecosystem and land-use
boundaries, to sustain biclegical produc-
tivity, maintain environmental quality,
and promote plant and animal healch”
and key soil properties have been suggest-
ed as indicators of soil quality (Doran
and Parkin 1994, p 7). Much of the re-
scarch reparding soil quality has been
conducted in intensively managed crop-
land systems. As interest in the C seques-
tration porential of range and pasture

land increases, srudies assessing the effect
of management on soil properties in pas-
wure land will be needed.

Long term grazing trials provide an op-
portunity to assess the effect of manage-
ment practices on various soil properties.
In 1916 a grazing trial was initiated near
Mandan, North Dakera to assess che ef-
fects of grazing iritensity on mixed grass
prairie vegeration and animal perfor-
mance. In 1932, a fertilized crested
wheatgrass pasture was established adja-
cent to this grazing trial 1o determine the
potential of this species 1o increase the
length of the grazing season and to pro-
vide high quality forage. Unforrunately,
like many grazing experiments established
during this time period, the grazing trial
at Mandan is unreplicated. While this
constrains statistical analysis, the long
term treatments and annual animal and
vegetation production data {e.g., Sarvis
1941), which continues ¢ be collected,
make such sites unique and of value for
studying vegetation dynamics, C seques-
tration, and soil qualiry.

Animal performance (Hofmann et al.
1993}, vegeration dynamics (Frank er al.
1998), and C and N conrents of rhese
soils (Frank et al. 1995} have been report-
ed from grazing wials at Mandan, Com-
parison of C and N content in soils of the
lang term native pastures indicared thart
C content was lower in soils of the mod-
crately grazed pasture than in soils of the
ungrazed or heavily prazed pastures, and
N content was lower in soils of both
grazed pastures than in the ungrazed ex-
closure (Frank et al. 1995}, The effecr of
pasture management on other soil prop-
erties has not been reported.

The objective of the present study was
to compare physical, chemical, and bio-
logical soil properties from soils in a long
term grazing crial consisting of an un-
grazed narive exclosure, a moderately
grazed native pasture, a heavily grazed na-
tive pasture, and a fertilized cresred
wheatgrass pasture. Differences in soil
properries were combined with animal
performance and forage production daca
and used to assess the sustainability of the
Various management practices.

Materials and Methods

Study site, The field site was locared in
Morton County 3.2 km south of Mandan
{(46° 46' N 1000 50' W, clevation 549 m
above sea level). Scils at the site are a
Temvik-Wilton silt loam (fine-silty, mixed
Typic, and Pachic Haploborolls). Annual
precipitation is highly variable and averages
410 mm with 60% received during the
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Table 1. Summarization of differences in pasture management

and species compaositicn,

Pasture Stocking Fertilizer
ha steer™ kg ha''

Exclosure 0 0

Moderately 2.6 o]

grazed

Heavily 0.9 0

grazed

Crested 0.8 44.8

Wheatgrass

Dominant Fcrage
Species

Carex filifolia, C.
helicphila, and Poa
pratensis
Bouteloua gracilis,
Stipa comata,
Koefaria
pyramidata

B. gracilis

Agropyron
cristatum

growing season of April to October. Average
annual temperature is 4° C {39¢ F) and
daily averages range from a maximum of
210 C (70° F) during the summer ro a mini-
mum of - 119 C (120 F} during the winrer.
In 1916, native grass pastures were ¢s-
tablished and a grazing wial comparing
moderate grazing to heavy grazing was
initiated. An exclosure was esrablished as a
contral in the moderately graved pasrure.
In 1932, an additional pasture was creat-
ed, planted to crested wheatgrass, and fer-
tilized annually at a rate of 44.8 kg ha'! of
N as NH,NO,. The class of livesrock
used in the grazing study has varied over
the years, but from 1987 to 1997 the pas-
tures have been grazed ‘season-long’ (con-
tinuous grazing generally from early June
to early Qcrober) by yearling steers. For
the last ten years, the fertilized, crested
wheargrass pasture has been stocked ar a
rate of (.9 ha steer’!, the heavily grazed
native pasture has been stocked at a race of
0.9 ha steer’!, and the moderately grazed
native pasture has been stocked ar a rate of
2.6 ha steer”’. During 1988 and 1990,
drought reduced forage production in the
tertilized crested wheargrass and heavily
grazed pastures below thar necessary to
support livestock grazing and steers were
not placed in these pastures. _
When this grazing trial was initiaced,
the vegeration in the two native grassland
pastures was similar wich blue grama
{Bouteloua gracilis (FH.B.K.) Lab. Ex
Griffirhs), needle-and-thread (Stipa co-
mata Trin, and Rupr.), western wheat-
grass, and prairie junegrass (Koelaria
pyramidata (Lam) Beauv.) dominarting
the stands. In 1994, the species composi-
tion in the moderately grazed pasture was
similar to that in 1918 except that sedges
{Carex filifolia Nutt. and C. heliophila
Mack.) and Kentucky bluegrass (Poa
pracensis L.) has become established. In
the heavily grazed pasture, blue grama
had increased and needlc-and-chread,
western wheatgrass, and prairie junegrass
had essentially disappeared. In the exclo-

sure, blue grama was replaced by sedges
and Kentucky bluegrass with needle-an-
thread present as a minor component.' ”

In October 1997, five sites were located
within each pasture that had similar slopes
and exposure. Within these sites, soil sam-
ples were collected at five random points
from the 0~3 cm and 5-15 cm depths.
Preliminary sampling demonstrated that
five samples were sufficient to describe the
variation present at these sites.

Laboratory methods. Soils were passed
through a 4 mm sieve to remove root ma-
terial, soil mass was recorded, and moisture
content was determined. Seils were stored
ar — 5° C (23° F) undl biological properties
were assessed. After assessment of biological
properties, the remaining soil was passed
through a 2 mm sieve, air dried, ground,
and used for chemical analyses.

Bulk density was the only physical soil
property measured. Bulk density was cal-
culated by dividing the mass of scil, cor-
rected for moisture content, by the volume
of soil collected (Blake and Harcge 1986,

Total organic C, total N, inorganic N,
pH, and electrical conductivity (EC) were
the chemical properties measured. Toral
N and C were determined by dry com-
bustion using a Carlo-Erba NA 1500
NCS analyzer (Catlo Erba Inscruments,
Milan, Italy). Carbenates were not pre-
sent and total C was assumed to represent
organic C. Fnorganic N was measured in
0.01 mol L' CaCl, extracts colorimetri-
cally using a Lachar flow injection ion an-
alyzer (Zellweger Analyrics, Lachat In-
struments Division, Milwaukee, WI}.
Distitled water was added (1:1 on a gravi-
metric basis) to 10 g of air dried soil and
pH determined using a glass electrode
(McLean 1982}, The soil slurry was then
filzered and EC determined using a con-
ductivity meter (Rhoades 1982),

Biological soil properties assessed in-
cluded: WN-mineralization; numbers of
culturable fungi, bacteria, and actino-
mycetes; and microbial biomass C and N,
Nitrogen mineralization rate was deter-
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mined using a laboratery incubation
method similar te that described by Sran-
ford and Smith {1972). Silica sand and
15 g of soil were added together in equal
amounts and thoroughly mixed. The
mixrure was transferred to a glass leaching
tube and glass wool was placed on the soil
surface to prevent dispersion of the sam-
ple during leaching. Every two weeks the
tubes were leached with 100 ml of 0.01
mol L' CaCl, and returned o the incu-
bator. Tubes were incubared for a roral of
eight weeks. Leachates were stored ag— 50
C (23° F) untl they could be analyzed
for inorganic N content. Inerganic N
content of leachate was determined by
quickly thawing the samples and derer-
mining N-NH, and N-NO, plus N-NO,
content by automated colorimetric analy-
sis using a Lachat flow through icn ana-
lyzer (Zellweger Analytics, Lachar Instru-
ments Division, Milwaukee, WI).

Fungi, bacteria, and actinemycere
nurnbers were determined by plating a se-
rial dilurion of a soil-warter suspension on
selective media. Bacreria were gIOWN out
on uyptic soy agar, actinomycetes were
grown out on starch-casein agar, and
fungi were grown out on Martin's Rase
Bengal agar (Wollum 1982),

Microbial biomass N and C were deter-
mined using the chloroform exrraction
method as modified by Bruulsema and
Duxbury (1996). Both fumigated and
nonfumigated soils were extracred with 50
ml of 0.05 mol L' K,SO,. Exrracts were
filtered into plastic bordes and stored ar —
5° € (23° F) undl analyzed for C and N
using a Carlo-Erba NA 1500 NCS analye-
er (Carlo Erba Instruments, Milan, Ttaly).

While these long term pastures are nor
replicated, we have followed the approach
of Frank er al. {1995) and cansidered cach
of the five collection sites a replication for
calcularion of surmmary statistics. Each pas-
ture was treated as a discrete variable and re-
sults are reported as means + standard error
of the mean. This approach is not ideal bur
there are few long term studies from which
to collect this type of data and we feel this
uniqueness justifies such an approach.

Results

Physical properties. Bulk density in the
0-5 cm depth was lowest in the ungrazed
exclosure and greatest in the heavily
grazed native pasture. The bulk density in
the 0-35 c¢m depth soil of the fersilized
crested wheatgrass pasture was similar to
that of the moderately grazed native pas-
rure (Table 2). Bulk density was similar
among pastures (Table 2) and averaged
0.826 z 0.031 g cm? in the 5-15 cm



Table 2. Physical and chemical soil properties under different grazing treatments.

Grazing Bulk Density pH E.C. N-NH, N-NGC,4 N C N Cc
Treatment g cm™ asm! kg ha' kg ha' g kg g kg’ Mg ha' Mg ha
B LT EER R (0-5 cm) e e e e s e
Ungrazed 0.38 +£0.07* 6301 0.34 £ 0.62 0.28 £ 0.09 1.03+0.27 493 +0.24 59.2+3.4 0.84+0.10 10113
Moderate (.48 £ 0.06 5.9+01 0.28 £ 0.01 0.90+0.24 0.82+0.14 4.23+0.31 51.3+45 1.00 £ 0.06 12.0=z086
Heaavy 0.61=0.07 6301 0.20 + 0.01 0.24 £0.09 1.48+0.38 3.84 - 0.40 458+4.7 116+ 0.12 135+1.4
Fertilized 0.42 £ 0.06 = -2 2.20+1.40 0.94 £ 0.08 5812082 67.5+£8.7 1.21 £0.09 13713
crested
wheatgrass
----------- (5-15 cmj----- - e
Ungrazed 0.73 £ 0.07 B.it< C.20 £ 0.01 0.58 £0.14 1.83 £0.20 212+0.11 25.0+1.7 1.56 £0.14 18.4+£1.8
0.1
Moderate 0.88 £ 0.05 51t< 0.19 £ 0.02 1.78+1.10 1.81 +0.36 1.98+0.10 223+1.3 1.76+£0.34 20517
0.1 .
Heavy 0.86 + 0.07 63+« 0.27 £ 0.03 0.48+£0.20 440 +0.75 3.08+£0.25 36.4 3.1 230014 26.89+1.8
0.1
Fertilized 0.84 £0.03 -° -° 1.10 £0.32 5.82+£0.38 261+ 0.11 30.2+1.3 2.23+0.16 258+ 1.9
crasted
wheatgrass

* Mean = Standard Error of the Mean.
® pH and EC not determined.

depth. The bulk density values observed
in the 0-35 cm depth were lower than ex-
pected and was likely the resulr of the
high organic martter content, presence of
numerous plant crowns, and exrensive
shallow root systems present in the blue
grama dominated perennial vegetation of
these pastures. The increase in bulk den-
sity as grazing pressure increased suggests
that the surface soils are being compacred
by trampling, with compaction greater in
the heavily grazed pasture.

Chemical properties. In the 0—5 cm
depth, pH was lower in the moderarely
grazed pasture than in ungrazed or heavi-
ly grazed pastures {Table 2}, In the 5-15
cm depth, pH was lower in ungrazed and
moderately grazed pastures than in the
heavily grazed pasture (Table 2). Insuffi-
cient soil was collected from the crested
wheatgrass pasture to determine pH and
EC. Exceprt for differences in species
composition among the pastures, there is
no apparent reason for the chserved dif-
ferences in pH and the magnitude of the
differences (0.4 pH units in the surface
layer and 0.2 pH units in the lower
depth) is modest. The pH of soils in this
scudy are within the optimum range for
plant growth and microbial activiry.
Electrical conductivity decreased with
grazing intensity in the 03 cm depth
(Table 2). Electrical conducrivity was
similar across pastures in the 5-1% ¢m
depth. The EC of the soils in the present
study are representative of non saline
soils under perennial vegeration.

fnorganic N (N-NH, and N-NO,)
contents were similar among the pastures

in the 0-5 cm depth (Table 2). In the

5-15 em depth, N-NH, content was
similar among the pastures but N-NO,
content was greater in the heavily grazed
and crested wheatgrass pastures than in
the ungrazed or moderately grazed pas-
tures (Table 2). With fercilization or
heavy grazing, N-NO, accumulated
slightly at the lower depths of these pas-
tures. The increase in inorganic N with
heavy grazing may be due to residual N
excreted In urine and dung. In the crest-
ed wheargrass pasture, fercilizer applied
annually most likely contributed to the
increase in inorganic N. Soil N-NQ,
content was similar or greater than N-
NH, for both depths in all pastures
(Table 2) suggesting that nitrifying bacre-
ria were active in these soils. In spite of

the trearment effects noted above, inor-
ganic N concentrations were relatively
low in all pastures, suggesting that there
is lictle potential for leaching loss of N-
NO; in these pastures.

Teral N concenrration in the 0-5 ¢m
depth was highest in the crested wheatgrass
pasture and lowest in the heavily grazed
pasture {Table 2). Crganic C concentration
in the 0~5 em deprh exhibited a similar pat-
tern to that of total N. When nutrient con-
cenrration is multiplied by bulk density and
expressed on an areal basis, C and N con-
tent in the 0—5 cm depth was highest in the
heavily grazed and crested wheargrass pas-
tures and lowest in the exclosure (Table 2).
In the 5-15 ¢cm depth, N and C concentra-

tions and conzents were greater in the heavi-

Table 3. Biological properties of soil under different grazing treatments.

Grazing Treatment N-Mineralization Fungi Actinomycetes Bacteria
kg ha' week™ 107 m* 10" m? 10" m?
----------------------------------- {0=5 G}
Ungrazed 0.78+0.21 143419 EB+1.8 87+25
Moderate 193 £ Q.87 12027 7.0+3.8 8.4-03
Heavy 1.07 £ 0.49 Tl et 54+0.7 45+05
Fertilized crested 8371048 1211231 19405 56+18
wheatgrass
- {BE=15 omMj=mmmmm s
Ungrazed 3.68+1.08 15525 58413 11.8+18
Moderate 5.60+£0.24 8.8x14 45+1.0 80492
Heavy £8.82+£0.85 1386 134429 155+ 2.8
Fertilized crested B.58 +0.99 202244 98118 8.7x18

wheatgrass
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ly grazed and crested wheatgrass pastures
than in the moderately grazed pasture or
the exclosure {Table 2).

Biological properties. Very little NH,
was present in the N-mineralization
leachates. Therefore, NH, was combined
with NO, and NO; 1o give total N min-
eralized. Release of inorganic N was found
to be linear with time. Mineralization
rates were caleulated using linear regres-
sion and ranged from 0.5-60.2 pg g! wic!
with coefficients of determinarion ranging
from 0.85-0.99, Nitrogen mineralization
rates in the 0—5 cm depth were similar
among the native pastures and were high-
est in the crested wheatgrass pasture
{Table 3). In the 5-15 cm depth of the
native grass pastures, N-mineralization
rares were lowest in the ungrazed pasture
and greatest in the heavily grazed pasture,
INitrogen mineralization rates in the 5-15
cm depth were highest in the crested
wheargrass pasture, probably because fer-
ulizer N becomes immobilized in soil or-
ganic matter that is more mineralizable
than mature soil organic N present in the
narive grass pastures (Table 3).

Numbers of culturable microorganisms
in the 0-5 cm depth soil were similar
among the soils {Table 3). Tn the 5-15 ¢m
depth; fungi numbers were similar among
the pastures while bacteria and actino-
mycete numbers were grearer in the heavi-
ly grazed pasture than in the other chree
pastures (Table 3}, Microbial biomass C
was similar among the pastures and aver-
aged 322 £ 21 kg he! in the 0-5 cm
depth and 348 + 36 kg ha' in the 5-15
cm depth. Microbial biomass N was simi-
lar among the pastures and averaged 18 +
2 kg ha'! in the 0-5 cm depth and 31 = 7
kg ha™ in the 5-15 cm depth. The micro-
bial biomass C to soil organic C ratio of
0.024 = 0.002 in the 0-5 cm depth and
0.014 = 0.001 in the 5-15 cm depth and
microbial biomass N to soil organic N
ratio of 0.016 + 0.002 in the 0=5 ¢m
depth and 0.017 + 0.004 in the 5-15 cm
depth was similar among the pastures.

Discussion

Results from this study suggest that
physical, chemical, and bialogical soil
properties vary in sensitivity to the effects
of grazing management. Several chemical
properties (e.g., pH, EC, tnorganic N
content] and bislogical properties (e.g.,
fungi numbers, microbial biomass N and
C) were not affected by the managemen:
practices used in this study. Grazing in-
tensity affected bulk density with in-
creased trampling at higher stocking rates
increasing bulk density. Grazing intensity

also affecred species composition in the
native pastures.

Since 19216, there has been a decline in
blue grama and an increase in sedges and
Kentucky bluegrass in the ungrazed ex-
closure; an increase in sedges and Ken-
tucky bluegrass in the moderately grazed
pasture; and a large increase in blue
grama in the heavily grazed pasture
(Frank et al. 1995). The changes in
species composition in the native pastures
that resulted from differences in grazing
pressure and differences in nurrient and
organic inpurs likely changed the amount
and distribution of organic matter enter-
ing the soil. Larenz and Rogler (1967) ce-
parted greater root productien in the sur-
face 30 cm of the heavily grazed pasture
compared ta the other pastures. In the
native pastures, total N content, organic
C content, and N-mineralization rate in-
creased as the bulk density and the
amount of blue grama in the stand in-
creased. Holland and Detling (1990) also
reported higher N mineralization rates in
grazed than in ungrazed narive prairie.

In the fertilized, crested wheargrass
pasture, total N, organic C, and N-min-
eralization rates were maintained art high-
er levels than those in the native grass
pastures, most likely due to the annual
inorganic fertilizer N additions resulting
in a lower C:N ratio in this soil and o
differences in quality {e.g., G:N rarie,
lignin content) between roots of crested
wheargrass and roots of native grasses
{(Herman er al. 1977).

The number of culturable actine-
myceres and bacteria tended to be higher
in the heavily grazed pasture. In the pre-
sent study chere is a trend for culcurable
actinomycete and bacreria to be greater in
heavily grazed pasture than in the fertil-
ized crested wheatgrass pasture. The ef-
fect of grazing and replacement of native
species with fertilized crested wheatgrass
on soil microcrganisms appears to be best
explained by differences in below ground
vegeration production among the pas-
tures. Power {1980) reported lower roor
production and higher above ground dry

macter production by crested wheatgrass
than native prairie and Klein et al. (1988)
have reported greater microbial activiry in
the rhizosphere of blue grama than in
crested wheargrass.

Previous researchers concluded thar
moderate grazing of the mixed grass
prairie was susrainable (Rogler 1951).
Rogler based his assessment of sustain-
ability of these grazing rreatments on
maintenance of the mixed grass prairie
vegetation, vegetation production, and
animal performance. Comparisen of soil
properties under these management prac-
tices suggests thar moderate grazing sus-
raing the soil resource as well. Soil in che
moderately grazed pasture was not com-
pacted ro the degree that soil in the heavi-
ly grazed pasture was and C content, N
content, and N-mineralization rates in
the moderately grazed pasture are compa-
rable or grearer than those in the un-
grazed exclosure. Since the mixed grass
prairie evoived under grazing, it is reason-
able that nutrient content and mineraliza-
tion rates would be mainrained under
moderate grazing.

In conrrast, heavy grazing results in a
change in species composition and a re-
duction in forage and animal production
{Table 4). Likewise, ungrazed pasture can
potentially provide other goods and ser-
vices needed by society (warer, wildlife,
and recreation) but moderately grazed
mixed grass prairie has heen shown to
perform these functions as well (Sedivec
et al. 1990). Since the mixed grass prairic
evolved under grazing pressure, the trend
for lower C and N content and the shif
in species composition observed in the
exclosure suggest thar exclusion from
grazing may not be desirable.

Comparison of animal performance
and forage production (1987 to 1997) be-
tween fertilized, crested wheatgrass pas-
ture, and the native pasture suggests that
conversion of native vegeration to fertil-
ized tame pasture is also a viable manage-
ment practice (Table 4}, At the stocking
rate used in this study, bulk density in the
fertilized, crested wheatgrass pasture was

Table 4. Forage production and livestock performance {average from 1988 to

1988) as a function of grazing treatment.

Grazing Forage Production
Treatment kg ha'
Moderate 4260 + 4562
Heavy 2030 £ 204
Fertilized crested 4080 = 491

wheatgrass

Animal Gain Animal Gain

kg animal” kg ha’
131 £ 16 20+ 3
97+ 25 42+ 11
86 £ 15 75+£18

# Mean + standard error of the mean.
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similar to that in the moderately grazed
pasture, Also, annual N fertilizarion main-
tained the N and C contenr of soils in this
pasture at levels similar to or greater chan
that in the moderately grazed pasture.

Conclusion

Scil quality is only one measure of
ccosystem health and is most useful when
combined with other ecosystem actribur-
es. In the present study, soil properties
were combined with plane and animal
performance to assess pasture manage-
ment practices. Moderate grazing of na-
tive mixed grass prairie maintaing the veg-
etation, results in acceprable animal
preduction, and does not degrade the soil
resource. Fertilized, crested wheatgrass
provides season-long grazing, acceprable
animal preduction, and does not degrade
the sail resource, Both grazing systems are
ecologically sustainable and the choice of
which system to use should be based on
cconomics and which practice best fits
into a producer’s crop livestock system,

Cur results show that assessment of
soil properties compliments any assess-
ment of ecosystem function and should
be included when comparing manage-
ment practices.

ENDMNOTES

* Pasture management practices and forage compo-
sicion are summarized in Table 1,
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